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Abstract
The Thesis entitled "Stereoselective synthesis of some biologically active compounds" has been divided into three chapters. Chapter I: Chapter I deals with the first total synthesis of the 6-hydroxy-4E-sphingenines. Chapter II: Chapter II describes an efficient synthesis of (-)-deoxoprosophylline starting from D-glucal. Chapter III: Chapter III deals with the studies directed towards the synthesis of pseudopteroxazole. Chapter I: The first total synthesis of the 6-hydroxy-4E-sphingenines: Sphingolipids are ubiquitous membrane components of essentially all eukaryotic cells and are abundantly located in all plasma membranes as well as in some intracellular organelles endoplasmic reticulum (ER), Golgi complex and mitochondria. 1,2 The German-born chemist and clinician J. L. W. Thudichum isolated in 1884 an enigmatic new waxy lipid from human brain. 3 He gave the name "sphingosin" to the backbone of these sphingolipids. The word "sphingosine" is derived from the Greek word "sphingein" meaning "to bind tightly", implying that these are bound tightly to tissues, particularly in the brain. Structurally sphingolipids are 
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formed from three units; the basic amino alcohol sphingosine, a polar head group, and a fatty acid. The structural unit common to almost all sphingolipids in eukaryotic cells is an amino alcohol D-erythro-sphingosine I [(2S,3R,4E)-2-amino-3-hydroxyoctadec-4-en-1-ol]. 4 tab Ceramides containing 6-hydroxy sphingosine II, a previously unknown long-chain base, have recently been found in human skin. When free sphingosines were first identified in human skin, 5 it was reported that homologues of sphingosine (4-sphingenine) and dihydrosphingosine (sphinganine) were the major components, with possibly a trace of phytosphingosine (4-hydroxy sphinganine). Very recently Wakita et al., in 1992, 6 reported the presence of a species with three hydroxyl groups and one double bond, but the authors were not able to establish the positions of the functional groups. Most of the sphingosine in stratum corneum occurs not as the free base but as ceramides (N-acylated base), of which there are a variety of types. 7,8 b While investigating the structure of some previously uncharacterized human stratum corneum ceramides using nuclear magnetic resonance (NMR) spectrometry, Stewart et al., identified a new sphingoid base, 6-hydroxy sphingosine as part of the structure of three ceramides. 9 They were therefore interested in whether 6-hydroxy sphingosine is also found among the free sphingoid bases of human skin, as reported by Wakita et al., that a compound with appropriate characteristics is present. The presence of three chiral centers and an adjoining double bond in both the sphingosines IIa and IIb makes their synthesis an interesting and challenging task. Stimulated by the biological significance and activity of sphingosines, we were encouraged to initiate studies directed towards the first total synthesis of 6-hydroxy sphingosine. Since the stereochemistry at C6 position was unknown, we were interested in preparing both the diastereomers of the 6-hydroxy-4E-sphingenines IIa (2-amino-(2S,3R,4E,6S)-4-octadecene-1,3,6-triol) and IIb (2-amino-(2S,3R,4E,6R)-4-octadecene-1,3,6-triol). The retrosynthetic strategy involved the preparation of the chiral alkynol from 2,3-epoxy chloride using our earlier approach (Yadav's approach) followed by coupling between the acetylinic fragment and Garner aldehyde leading to highly selective anti adduct. The retrosynthetic analysis is represented as follows. RETROSYNTHETIC ANALYSIS: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO32.jpg" \t "_blank​) Initially propargyl alcohol was treated with dodecyl bromide in liquid ammonia using lithium amide at -33 o C, to give compound 1 in 70% yield. 10 Acetylenic alcohol 1 was reduced with 2 eq. of LiAlH 4 in refluxing THF to afford E-allyl alcohol 2 in 95% yield. 11 Then compound 2 was subjected to Sharpless asymmetric epoxidation protocol. 12 Accordingly, treatment of 2 with (+)-DET, titanium tetraisopropoxide and TBHP in dry CH 2 Cl 2 at -33?C gave the epoxy alcohol 3a. 13 The epoxy alcohol 3a was converted to corresponding epoxy chloride 4a using triphenylphosphine and NaHCO 3 (cat.) in refluxing CCl 4 . The key step was the execution of our earlier approach (Yadav's approach) for the preparation of the chiral propargyl alcohol 5a from chiral 2,3-epoxy chloride 4a using LDA or LiNH 2 in liquid ammonia (Scheme I). 14 Accordingly 4a was subjected to our reaction conditions, in liquid ammonia using lithium amide to get the chiral propargyl alcohol 5a. The structure of compound 5a was confirmed by its PMR spectrum, which gave a signal at 2.4 ppm as a doublet for one proton corresponding to the newly arisen acetylenic proton. The secondary hydroxyl functionality of compound 5a was selectively protected as its TBS ether using imidazole, catalytic amount of DMAP and TBSCl in anh. CH 2 Cl 2 at 0?C to afford the compound 6a in 95% yield. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO33.jpg" \t "_blank​) The preparation of Garner aldehyde 10 was achieved by the procedure reported in literature (Scheme II). 15 Scheme II Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO34.jpg" \t "_blank​) After successful completion of the synthesis of two fragments 6a and 10, our next aim was to couple both the fragments. Lithium acetylide additions to Garner aldehyde proceeded with high selectivity in the Felkin-Anh sense 16 of the transition state which leads to anti adduct A and the Cram model of the chelation-controlled transition state which leads to the syn adduct B (Scheme III). Of particular relevance is the demonstration by Jurczak and co-workers 17 that TBS-protected pentadecyne also behaves in a similar manner with high selectivity. Scheme III Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO35.jpg" \t "_blank​) Thus TBS protected pentadecyne 6a was lithiated using n-BuLi and treated with 2.1 equiv. of HMPT at -78?C followed by Garner aldehyde 10 to afford a 20 : 1 mixture of compound 11a (anti adduct) in 87% yield. 16 No attempts were made to characterise 11a' and 11b' which were minor constituents. The deprotection of Boc, acetonide and TBS of compound 11a to yield the alkynic amino triol 12a was achieved by using 1N HCl:THF (1:1) under reflux conditions for 16 h. 18 Our final aim was to convert the triple bond to trans double bond, which was achieved by using LiAlH 4 in THF at 0?C. The PMR spectrum of compound IIa showed resonances at 5.5 and 5.7 ppm as two double doublets corresponding to the olefinic protons, which was further confirmed by its FABMS m/z 316 (M+1) (Scheme IV). Thus the total synthesis of 6-hydroxy-4E-sphingenines were achieved for the first time. Synthesis of the other diastereomer IIb was also achieved as shown in Scheme I and Scheme IV by using (-)-DET in Sharpless asymmetric epoxidation reaction instead of (+)-DET, and a similar procedure for rest of the steps. 
Scheme IV Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO36.jpg" \t "_blank​) Chapter II: An efficient synthesis of (-)-deoxoprosophylline starting from D-glucal: Piperidine alkaloids constitute a large family of compounds, many of which exhibit a wide range of physiological activities. 19 Two representative Prosopis alkaloids (one of the subgroups of this piperidine alkaloids), prosopinine 13 and prosophylline 14, were isolated from the leaves of the Prosopis Africana and they differ in the stereochemistry of the carbon at which the aliphatic chain and the heterocycle are connected. 20 The reduction analogues of prosopinine and prosophylline, i.e., (+)-deoxoprosopinine 15 and (-)-deoxoprosophylline 16, also exhibit similar biological properties, and thus a variety of synthesis have been reported. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO37.jpg" \t "_blank​) Besides their interesting structural features, these polysubstituted piperidine alkaloids exhibit a variety of pharmacological properties such as anaesthetic, analgesic and antibiotic properties. 21 Because of the importance of these compounds we have undertaken the asymmetric synthesis of (-)-deoxoprosophylline 16 an important antibiotic and anaesthetic of this class starting from D-glucal. The strategy and the approach described herein are of general applicability and can be easily extended towards synthesizing other related compounds of similar importance. The retrosynthetic strategy involved the chiron approach to azide 27 starting from tri-O-acetyl-D-glucal, followed by cyclisation of the azide and the double bond using dicyclohexylborane as the key step. RETROSYNTHETIC ANALYSIS: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO38.jpg" \t "_blank​) Treatment of tri-O-acetyl-D-glucal 17 with dry t-butyl alcohol, in presence of catalytic BF 3 .Et 2 O in dry CH 2 Cl 2 at 0 0 C afforded the corresponding t-butyl ether 18 by well known Ferrier rearrangement in 95% yield. 22 The t-butyl ether 18 was then subjected to deacetylation with K 2 CO 3 in methanol at room temperature to furnish the diol 19 in quantitative yield. Olefin in the diol 19 was hydrogenated with 5% palladium on carbon in ethyl acetate at room temperature to afford a saturated diol 20 in 75% yield (Scheme V). 23 The primary hydroxyl functionality of the diol 20 was protected selectively as its benzyl ether using benzyl bromide and NaH, in dry DMF at 0?C to room temperature to give compound 21 in 85% yield. 24 The secondary alcohol was inverted employing Mitsunobu reaction conditions. Thus compound 21 was treated with p-nitrobenzoic acid in the presence of diethyl azodicarboxylate (DEAD) and triphenylphosphine in THF at 0 o C to room temperature to afford the corresponding inverted ester 22. 25 Treatment of the ester 22 with K 2 CO 3 in methanol at room temperature led to the desired inverted alcohol 23 in an overall 77% yield for two steps. The inverted secondary hydroxy group was protected as its benzyl ether using benzyl bromide, NaH, catalytic tetrabutyl ammonium iodide in dry THF at reflux temperature to give compound 24 in 95% yield. The t-butyl ether in 24 was cleaved by treatment with 60% acetic acid and catalytic dil.H 2 SO 4 at 70 0 C for 30 minutes to yield the lactol 25 in quantitative yield. 23 The lactol 25 on Wittig olefination with excess of the dodecyltriphenylphosphonium bromide and n-BuLi, yielded homologated olefin 26 in 86% yield. 26 The secondary hydroxy group of 26 was converted to its azide via mesylate using mesyl chloride and Et 3 N in dry DCM at 0 o C, which on treatment with NaN 3 /DMF at 90 o C for 24 hrs gave the required azido compound 27 (Scheme V). 27 The azide 27 thus obtained was cyclised employing Evan's cyclisation as the key reaction using dicyclohexyl borane in THF at r.t. for 8 h to give 28. The stereochemistry of cyclisation leading to compound 28 followed by debenzylation to yield (-)-deoxoprosophylline 16 is underway. Scheme V Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO39.jpg" \t "_blank​) Chapter III: Studies towards the synthesis of Pseudopteroxazole: Tuberculosis (TB), an airborne communicable disease and one of the three World Health Organization (WHO) priority infectious diseases, is caused by transmission of aerosolized droplets of Mycobacterium tuberculosis organism. 29 The reasons for the increase in the number of tuberculosis cases are probably due to growing epidemic of HIV infection, malnutrition leading to reduced immunity, use of indiscriminate/inadequate chemotherapy and multi-drug resistance due to partial adherence to chemotherapy. The pioneering work of Fenical and his group on the isolation, structure, and bioactivity of the pseudopterosins, 30 a number of other members of this family of marine natural products, the amphilectane group have been discovered, 31 including pseudopteroxazole (29), which was found to be a potent inhibitor of Mycobacterium tuberculosis H37Rv. 32 It was isolated from the hexane extracts of the West Indian gorgian coral Pseudopterogorgia elisabethae (Bayer) collected near San Andre's Island, Colombia. The structure as reported by Rodriguez et al., is as follows 29a. 32 b Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO40.jpg" \t "_blank​) The first total synthesis of 29a was reported by Corey et al., 33 who employed a stereocontrolled, biomimetic cyclization process a previously developed route for the total synthesis of pseudopterosins by the same group. 34 Comparison of the spectral data for pseudopteroxazole 29, 32 with those for synthetic 29a showed that all these compounds differ. It is clear that the stereochemistry of pseudopteroxazole must be revised from that assigned as 29a, 32 as had previously surmised. 35 Thus they reported that pseudopteroxazole may be best represented by structure 29, in common with other synthetic 36 and naturally occuring amphilectanes. 35 In connection with our continuing interest on the development of new agents for the treatment of tuberculosis, we aimed at synthesizing pseudopteroxazole 29. We initiated our studies starting from (-)-citronellal. The retrosynthetic analysis for Pseudopteroxazole may be delineated as below. Retrosynthetic Analysis: Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a164_figureNO41.jpg" \t "_blank​) 


